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THERMAL AND COST GDAL ANALYSIS FOR PASSIVE SOLAR HEATING DESIGNS

Scott Noll and Christina Kirsconer
Los Alamus Scientif:c Laboratury

ABSTRACT

Economic methodologius developed over the past sav-
eral years for the legign of residantial solar
systems have bean baded on lifc cycle cost (LCU)
minimization. Because of uncertainties inwlving
future economic :onditiunm and che varied Jdecisiun
saklog processes of home des{gners, huilders, and
owners, LCC deyign approaches are not always appro-
priate. To Jdeal with some of the constraincs that
ente; the Jesign process, and to narrow rthe number
ut variabiug to inoge that lon't .lapend an future
economirc conditiony, 1 simplified thermal and co.r
yodl approach for psasive designs is presented.
Arithmeti: and graphical approacnes are presented
with snampicy given for cach. Goals discussed in-
clude simple pavback, solair navings fraction, cul-
lection arus, maximum allowable construction bhudget,
variable coet goals, and Btu yavings.

[UTRODUCTINN

Vuer the past deveral vears, ntandardited mrthodn]-
uples have evolvad for the analvsis and economie
aptialization »f molar hot water and residential
upace heat fug lesignu {1}, In oost instances, Lhe
nptimizing criteria has heen the mainimization of
Hfe (vele conty (LECY): that Ly, determine the par-
11eular svstem conliguratfon that remsults in the
Towent doljversd cost of heat to the Home (anlar
and backup) nvar the sxpected qystam litetian,
Although 1t 1n widely held that 11fe cyele cout
atnimf{sat fon results in the apactiication of an
acopom{ally off L tent. wlar Jesalgn ('], there are
& variety o1 conslderations chat make Lhe resltw
of such optimlzatios te:'miques mtenable and/or
unuueable,

+ e results of sconvaic desipgn optimicatiun are
generacly driven by expectations oncerning un-
known ot unceitain future conditions; thu:.e
appectations take the torma of apecified valuen
for paramaeters such as inflatfon raten, fuel and
tag excalatton rites, distoun: ratos, and o; -ra-
tion and maintenance costs over tipe, e un-
cortilnty of parsoeter 2aluen Increausy a: 'he
lite crcla analveis portod (ncisanen,

CACC Aanalystyg usaally conuiders the ot ream ot
conty and bens/its over the axpected syatem life-
‘{fmo. Whera *he hallding owmerahip period {«
equal to or greater than the eoxpec od svaten 1ife-
time, an i government nwned and operatsd bufld-
fngn, this prasspt v no probjem. Where owmership

AT oy wan performed at LAISL ander *he suapicien
of the lepartment of Energy, Office of Solar Appli-
cat funn, ‘iveiome Development Bianch,

- periods dre ghorter, as with resmidential property,
the solar syotem mav change hands many timms.
This complicates life cycle unalysis because of
such questions as transaction costy, 'ncertain
rasale valua’ion, and changing ouner/svstem {nter-
actions. An alternative approach is ownership cv-
cle costing, ONC, vhich conalderr ~usats only
throughout on: ownership.

* LCC analveis embodies the cvcle-‘mplicit assump-
téon that longer rurm henefits of LCC ainimizing
dasigny will be realizel hv the party making the
analyali. Where the client,vimer aav also ba
the owner/operato= ({.e. commerr al bujldiags)
Lie lunger term henetits of design optimizatien
wlll be realized by the requeascing clienr. At
tie nther end nf the npec' um i3 the spec:ilative
tract-home builder of realdential construction,
These builders are noatL respon.ible for tihe ulti-
matr nperating conts of the horen thev construct
and taerefore hava no Incent{ve !y ‘acrease ri-.o
cunts with solar designs when a iowe .CC for
Zeat tng would result, building rode. and lhel
ordinancey mandating prescriptive congrrucziwn
standards and yne of sular have been uned to
help circumvent these problems. In the ther
hand, when energy conservation and iolar leathras
are recognized as effective home rmarceting de -
vicen, the huilders will respond ro thin dewan!
with conntruc! fon technfjues that more eclosely
represent optimized econon:f* designs,

+ Flnally, an opt 'mi.ad LCC degige any laple physi-
ca! attributen that vieciare enint nr denign, site,
M gdget constralntn. Examples would be max{mum
lot frontage dimensfions with sfdevard set back
conditions that lmlt the gouth={aving " inear
expomur: and hence collection area; nartial shad-
ing due Lo permanent or temhorarv opatruct{ons;
architectural atyling constderntions an! restric-
tive covenants; maximum permimnihle houstoy conta
in an area due to the predominance of wn=solar
marhat comparables, ote.

In responar ' theus considerations, we ave formi-
iated . atmpli'led approach that allows e o
either graphtially or arthimetically evaluate
thermal and cosa' godla Tor tedatdentias pasaive
alar heating dentigne w.th o without 1egara 2o ot
In thi= pmiticular cenntderation, aconomic optimi-
gatfon par we s ot constdersd: rather @o e
preasntsd an approsch that allowas tor separatiep
of current vesdyd Inturs pALlamsters (0 arder to
fdetit {1ty specifle thetmal and cout  ondit fons hat
are voqulred 1o achiove a vartety of tpectiimd
comdirions,



ARTHMETIC APPROACH

The acithmetic approach to thermal and cost goals
analysis is merely the algebraic equivalent of what
will be shown graphically. Although accuracy i4
Improved, the arithmetic approach ia aot as fast in
applicacion but i3 quite ecasily understoad.

wu: begin with an aquation that is equivalenr :n
saying that the life cycle savings of a pamsive
sular addition are exactly equal to zero, that {s:

(SSF * P - PWF. * CRF * LOAD « DD + 10”1

f
nH
- {vC + A - P'-.Fg * CRF] = 1)
The units of the two term: {n hrackers are {n equiv-
alent annual $/yr. The first term represents annu-
alized savings., the :iecond term annuallzed costu.
Definitions of terms i3 provided balouv:

SSF Solar 3avings Fraczion wnich oears 1 Jdirect
relationshipy t.o the Load Collector Retlo

(LCR) as set forth vy IASL's Solar vroup 131,

P Inttial :ogt of fuel in $/umBrtu corrected
for couversion efficlen-y,

DD Average annual hearing degrew days (65°F
Base)

LOAD Heat loss factor of the residence for all
surfaces other rhan the south facing pas-
sive golar collector area. (Btu/DD)

\'[M S/ftl variable cost of pasaive wolar _cu=
struclion—fixed costs are seldom a signifi-
cant factor in passive solar designa—all
coatn are expressed (n the VG gurm.

¢ Passive golar collection area (ft*)

LCR  Butlding lvad rollector area ratio (LOAD#A)
(Btu/Nh=1ue

PWF . Prement worth factor for auxiltiory he- .
fuel costs which accounts Jor the fuiure
fuul escalatlon rate, discount rate, and
period of analyair,

CRF Capital) recoverv factor used to convert an
inftial do)lar amount (prement value Jdollar
ampount {n our example) {ntn a atream of
aquil annunl payments such that the dtx-
counted sum of these prymenls I3 eyual Lo
the {niti{al dollar amount.

PHF‘ Present wvorth factor for solar cumtby used
T to convert the {nitial pasnlve solar con-

struction cowt {nto the «um of dircounted
annual cash flows amsociated with paswive
solar avitem owmership.,  PW¥, accounta foy
the down pavaenr, principal plun tntarear
paysants, mortgage fnterest tax drductions,
propnrty taxes and deductionm, insurance,
upearation And maintenance sxpsnteds .l
ressle value net of “he remaining lom
balancs,

SPRK simple pavbhack equal to add-on comr v tded
by firnt yvenr a.llar aavingn.
A s 1o

Separating equation (1) .into current and future
factors:

ve - A 10° PUF, « CRF  PWF, ("

P_ - SSF + LOAD - DD ~ PWF_ - CRF = PWF
o 5 S

Equarion (2) still represents the breakesen L(C
condition. The form of equation (2) has the advan-
tage that the lefr s{de term deals with current
factors (variable construction cnsts, inftial ruel
cost, degree days, and the threv components of pas-
sive aolar therual performance reprasented by the
LASL LCR tables; SSF, A, and LJAD). Thae rigntr hand
side deals with the future racrors. In addition,
the jeft side ter. {y vquivalent to the most hasic
definition of gimple payback SPBK— first cost
divided hy the first vear dollar savings.

DEFINING THE GOALS

[n the context of nquation ), a variaty of -ri-
teria may be used to Jetarmine svstem dpeciifcoa-
ciony or cost and thermal goals. Some of the cri-
teriu might tnclude:

4lmple payback
* solar savings traction
* maximm add-on hudget for passive solar con-
struction
passive collection drua
* maximum energy budget. fe.x., Bullding Energy
Perfurmance Standard:)

Other economic criteria have hween uaed [4] to
represant conditions necedsary for consumer accep-
tance and ralate to cash flow pertormance. Thaue
{nelude yedars of negative annual cash flow and
number of vearn required ar cusulative qaviags to
reco ter the (nftial dowmpavmeni expense.  Sioee
year by vear cann tlow analesf o vy jartaoala
dealgn {4 required to arrive at theae nmumbers, thee
are not earnily calevulated ustag the approach et
forth in this paper,

Eouarion (2) can be uped {n the tollowing wae:

a) Given values for DD and SSFLURY; caleulate
SPBK ur Y6 or P, given values for e o the
three,

D) ulven valuew tfor 5PBK, Vi, P, and Db, caleulate
SSF » LCR.  Since S58F and LCR are mutually de-
pendent, one oust use the LCR tablas to find the
romhinatioa that ylelds a product cione to the
thove yalae,

c)odbven SPRE, SaF, and DU oA o LOAD can e lereg
pined given a value toy th ather: then P
VE can he determined given v value tor the o
note SPRE, I, anl VU may he interchange | o
thie procena,

EXAMILES

Fooagemplity cady By, amd 1o above, ammipes w0 e
Jeoking at A doublo-glazed dytaet gafn pan-tve
aol e destgn o Dodpe ey, Fanaas, with K- il
fnaul ot fon and maus v fdace/glastng aren tatfo o1



3:1. Prom the LCR tables !3] we have the following
per fcrmance relationship betw.-en SSF and .CR.

SSFT .11 27 3] .4: .50 .60 7.8

; 5
LcR | 2361 109] »8! 47 35| 26 20[ 14 8

From local data we know:
DD = 5046

Pu s 3.05/kwn w 514.55/mmBtu (electric resistance)

a) Find the maximum variable cost one can ;av for
passive solar to achleve & 3ix vear payback tor
a .60 solar savings [raction against an electric
resistince heating fuel alternati{ve. Frum
equation (2):

6
ve - 10
P+ 3SF - LCR + 0D SPBK  or
SPBK - P+ SSF + LR + 9D
. [}
Vi, -——
H 'I’)

Therutore,

n_ ¢+ l4.n5 + .h0 _In * 5040

10"

7
= 56,92/

h) Find the thermal perfncmance required mo achieve
dau 2ight vear pavhack for a Jirect safn desipn
conting 1N 00" apaingt the slectrle reafat nee
fuel alternattve,

From equatton 0):

f
ReE e LR e et L0
R N T T

h
15 - 10

- el e wiee om M7

la,ha « 50486 « A =
The LLCR table indicates that at S§SF = ]9,
LR @ Mah, and S5F ¢ LCR = 2V.nh, Larger SSF
valueu fmply smaller product saluas, a0 the goal
can anly be mot by a low=leve. pastive deifgn
wier s the f{rat square ;eet of cellection area
dfv he moal eff{cfout on a per square foot sav-
‘nKe anln (1.2,, the LCR value 13 over 2V try/
Dh=fe=~).

v} Find the collector area necewsary to provide a
mnlar qavings fraction of W, with a hullqluu
Load ol 10,000 iy, DD With a Vo 31500 1 ind
the Jiaple pasvhack oOf e a dealgn againat the
aloctrie ranintatce heat (ng alternative. For
SHF = 40, LCR = nd, and

LWAR _lojann o2
A= L".':'l '”( oW Yal
- ;-
HINK . St - 0 e

Lot 0 W)« A an

GRAFHICAL APPROACH

Figure 1 illustractes the reference graphs for
thermal and cost goal analysis. The tfigure is
divided into five contizuous quadrants numbered
I thru V. The lower left hand cormer shows the
units for each of the variables,

Quadranr. 1 shows the relat ionship between aver.ge
coast (AC), init!a]l fuel price (P,), and simple nav-
back (SPBK). By defining two of these variables,
the cthird ts uriquely deterwined. Quadrant LI
shows combinations of average cost (AC) and annual
heating season Btu savings per square foot of pas-
sive collecrion area (SSF - LCR * DD «+ 103, that
‘mply equivalent passive solai variable consrruc-
tion costs (VC), Again, if two of these three
varjiables are known, the third is uniquely deter-
mined., Quadrant I[I accounts for heating degree
days. (nce degree davs arn specified a tranaformn
tion can he made betwe~n seasvnal square foot
energy savings and energy savings per square foot
ner degree dav (5SF ¢ LURY.  Although there are
nany algebraic comginati!ions of LCR and SSF that
would produce 4 given value of their product, onlv
unsque combipatious of S5F and LCh are feasibile

for a passive Jesign in a particular climate. This
can by seen hv examining the LASL LCR parfoarmauce
tables. In quadrant IV, the $SF-LCR performance
combinationg .:an by plotted tor a particular Jdesign
ur dJesluns. This {3 done by choosipns a solar
savings, fraczion vaiue, sav 3SF = .Y), and {!nding
the !ntersactlon of the corresponding LCR value
(LR = AR for our direct wain example) and 'he

SS5F = .30 ray emanating from the origin. I this
Ix done for all valvag of S4F fron .1 te .9, an!
the puints are connected, 1 feasible combinatimm
citve betwean SS5F ¢« LCR and LUR will be rravced.
Thiy 18 shown {0 Juadrant V. Filnallv, Quadirant V
allown one to separate LER (nto the LOAD and A
components, Thisx v uraful for determining the
{mpacty of vorious collector aren buflding load
combinat foas or far working backwards to tind col-
lector area or L' ldiag heat loss requirementw.

For {1lustrarion, the counterpart of example ()

fu the arthmet { section [s shown in Figure 1, The
numbers {n parenthassn (1) thea 7Y, correspond t..
the sequeace in «teps when using the graphleal
approach.  These arve dogeribed (0 order halow,

(1) Ar described above, plt the perforsance ¢om-
hinat tons for the double glazed dirnsct gawn
detiwn mder connlderation,  lrace the resxul -
rant cyrve,

() Find *he ~ollectir area tecedsary to provisje
AhF e 30 with LOAD = 10,00 Btu'Db by drawing
a line from the feat{hle sarve (ntersect fon
putnt (o IV wtraight down to the (0AD = 50,000
curve {n QV,

C) Now draw 4 hovtaontal Tine to the Teftt and jead
the (nispsection point off ot the \ akt«,
A= LA e ga e ol

Co) Now go back 1o OV and J oaw A voartsontal ine
fiom the 0k = 10 interaection pogat to the
teft tnte 27T dontinue the line atil gt
fnternectn the propey D ovalue, it Lhe OB
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condicion falls between the given lines inter-
polation i3 necelsary.

(5) Next, Jraw a vertical line from the intersection
in QI1I {nto QIT until it intersects the corract
C value. ;n this ewxample 3. t) the .:urve
Ve = 515/ fe~.

(6) Find the initial auxiliary fuel cost ou the
P axis in Ql. Draw a vertical line scraight
up from :that point. Electric raesistance in
Dodge ity ls S14.653/mmBtu iy shown in QI.

iraw @ norizontal line from the correct V€
point in QI1 (determined in (5)) into QI ana
"ind where the two lines intersect. This

final Latersuction point derermines tle simple
pavhack conditiin for the direct gain iesign
undar onsidaration, SPBFK iy shown to he a
little bit loss than 1N years which corresponds
tu the arithmecic re.cvlts of 9.9 -ears.

!

~4
~

The remalning () nd ) examples can he tested
graphically by the render. The daccuracy or the
griphical approach {= not extreme, however {t can
he laed vith a @it mum of offort and qoes not re-
qulre arithme? ic manipulat ion.

EATENSIONS

Yeveral extenslons of Lhe graphical approach can be
nade which mignt {acreass the usefuluess and vers. -
tiltey of the wmethod. First, rhe right side of
wquation &' shows Lhe ratfog ' 'ween Lhe preneat
worth iactacs tor dolar and aux.ifary luel. An-
Sther arapn cdn b added that aeewn comhinationg of
ko flnan: a]l para eter valees thar wonld vield par-
ricular PWF ratlow.  For erampie, "wo (mportant
paramcter« that can be analyzed are the owmeirship
perind anrd 4 redale pror't factor thit taked into
account the relacive appreclation rate ol paus’ e
sular homes a1 -mpared to conventlonal market
comparables.  The limitatjon ot *hiq approach iy
that all other puoametern entering the PUT formulas
wust he Yeld con oant ro limit the probhlem ) two
dimensions, Ut tie PWF ratlo Is diviod by the

SPBR of a particular jesign, the remult will he a
Ife evele tor owners.ip cyele) beacfit/rost ratlo.
Valuea greater than 1 indicate positive mavings while
values Jers than 1| fndlcate negative savings,

It also might he possible to integrate Balvomh '
aethodelogy [5] of apt (mal budget allocation he-
twest paanive and Counervat {on ander varlous hudget
onalb At o Depivative valaea af the LECR dertora
W e moves are avatiable (3] to prRue Chin proach,

In vconclusion, this papear has presented a «tmplt
tled art et and grapnical approach !or the
analvai- of pasnive wolar hearing denipn therma.
ad coat L eala,. The approachsd have heen showr to
be conmtuaront tn application aad ofter the duatgnnr
V means for quickly evaluating the {mplication ol
vartous feaign, petformance, and sceonomie criterta
that may ariae aq copstraint4 or goala to bhe aet.
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